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Fig. 1 SEM images of the section of PSF membranes by using different contents of [ Cgmim ] [ PFg ] porogenic agent
b) 8% ;

a) 4% ; c) 15%; d) 17% ; e) 20%
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Fig. 2 SEM images of the section of PSF membranes by using different contents of PEG400 porogenic agent

a) 6% ; b) 10%; ¢) 15%
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Fig. 3 SEM and AFM images of PSF membranes surface by using [ Cgmim] [ PF, ] as porogenic agent
a) 0% ; b) 4% ; ¢) 15% up surface; d) 4% down surface
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Fig. 4 The Influence of concentration of additives on

separation of the membranes
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Table 1 Contact angles of PSF membranes
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Fig. 5 XRD of the PSF membranes
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temperatures of PSF membranes

[Cgmim] [PFs](%) 0 4

8 15 17.5 20

T, (C) 157.70 125.25

131. 59 132.96 133.19 133.38

X A] fESE [ Cymim | [ PFo ] AR PEER, AT LA
5 R 5 R A AR R, 58 T 2R
Pyla] (FEAEAE 7, BN 1 B B i1 S RE 119 3R,
PR B 5. N o AR B A BE e A, R T
[ Cymim | [ PF¢ ] 1E 5 & 7 (8] 09 # B2 3 15 H 19 77
TE, Bl et 25— g R HBR T 7 SR AR SE I, 3
Hi T F AR, S U T, AR 52
B TR E R ACR R, [ Comim ] [ PF ] B9 1E & 1

WRSE X R85 SAE O EE R &K,
RN A P, B0 T, a0 T B rp g T
XU T TR R AW EA
—E MG IR TIRE.
2.7 [Cymim] [ PF,]7E R BE T 2 9 4E AR
[ Cymim | [ PF ] J2& i XFFR P 25 9 [ Cjgmim | ©
S5/MEF PR, | - S 0 T RS AR T
KR 2. 3 3 Gassion_03 [ B3LYP6-311G(d,



1304 = AN T

E 2010 4f

p) IHEMAL T [ Cymim | [ PFg ] JLATA4 B, Hoop 1
A 13. 5896 Debye, fEALA5H WK 6 .
IXFPLER A5 [ Cymim | [ PFg ] BA (R A0 51 5
KM TR OO LA R R G B4 78 A P B 25 i
PRI R, FEAN R RR A B T 2ho2e SR/ NMP/
H,0 BEIE IR R 10 A9 -TRH 70 188 3 52 A 95 [
PR, T BORBUEA Rl AL Z5H AT I

4

Fig. 6 Optimal structure of [ Cgmim ][ PF |

R WAL AT B2 W -V 4 2 2o A
S5 R S BT A 1 Aot S Sy DX 3 ) 2
R oy AAT R U GRS 36 0 B 1 ik ) i 2 R
VS, AT L 3k PR 5 R P -V o AR T R ke 4
IS FLEE #4 R FLAR. Reuvers 250" 3 T R A 43
AFURIAE B 23 AH (0 AR 2, BIF 5 A A B HsF 0 A 3 o 745
B ZFLEH F 2 B AR X BRI, ZE B 43R D0 3 v A5
S BN R R )2, 28 )2 1 JEE B Ik T il A
SR I T T A 1 R A FL 45 4 o, FE
[ Cymim | [ PF, ] b F I 2 B, S i) 4 i) S 1) 2%
JZ T A B I BRI R, S P 2 o KA 4G
¥4, K4 Reuvers [ 53 AH B Fl1 Smolders 1) KL
TE IS R R W06 KA BBt 43 AH , B 1A 9 5 AR
T RSN, B 5 AR 3 1 3R)Z (1 gk )

ARG A DA A ] I [ S ) S I 0 A, SR 0 e
BRI AR ARG PR TR, T R AL
LMY SCRE)E. 2 [ Cymim | [ PR, ] 76 85 IR P 5
AR, 75 SRV P A 5k B 5/ o RN 1 A 22
IR R w2, 5 4 0 5, A0 A P AR X 8
5. 5[ Cymim | [ PF ] g S dh ik, 44 28 O S A
R TESE I 73 A0 v KA T 3R G W AR B A
KT BCE 2 00 T 2 IR AL 45 A4 T HL, [ Cymim ]
[ PFq ] e RN b 5% B A AR 8 22, 5k R W1
AR A3, 0 TR B B A ek i, X3RN
VIS RIES A

PR, AT LAARS Y 5 7K P 5 WA [ Cymim ]
[ PFg 75— B B2 b, X 5 JE 0 1 25 14 0 A LAY
EFFRLNE. A, [ Comim | [ PFo ] 9215k ST
KBRS FE—E R LG 1 s o T HEE
TE B IR P AR TR A P AR A 2K A

3 #ig

HH B IR 22 BRI, LAB K 1R 8 5
R Cymim ] [ PFq J 15 O 54 42 500, i 4 1 AN %
PRAGARAL g BERL A R AL SR A4 R L K it
AR FLZS PN [) 25 4 1) SRR 8 . g 7K P 8 1
WA Cymim ] [ PR ] 76 RS 72 b BA — 5
AR AR 53 B SIE PRI, 7T S 30T SR RS 245 440 T 1l 1)
Pl [, [ Comim ] [ PFg ] 78 SR BE AY 5 o O
B, B = SRS 0 S K M BE 2 A A 1 A
BRIV E . AR SO R W 73 B LA F 1Y)
ARAER S T — B R R AT k. R TR T
BTy B REFL S T B i P2 R AL, AT AT 15
P HIRABIIE.

REFERENCES

Idris A, Yet L K. J] Membr Sci,2006,280(1-2) :920 ~927

O 0 N N AW N =

Kim J H,Lee K H. J Membr Sci, 1998 ,38(2) :153 ~ 163

—_ = =
No—= O

Han M J. Desalination, 1999 ,121(1) :31 ~39

w

Kim S R,Lee K H,Jhon M S. J Membr Sci,1996,119(1) :59 ~ 64
Lee H J,Won J,Lee H,Yang Y S.J Membr Sci,2002,196(2) :267 ~277

Chakrabarty B, Ghoshal, A K, Purkait M K. J Membr Sci,2008 ,315(1-2) :36 ~47

Yoo S H,Kim J H,Jho J Y,Won J,Kang Y S.J Membr Sci,2004,236(1-2) :203 ~207
Jung B, Yoon J K,Kim B,Rhee H W. J Membr Sci,2004,243(1-2) .45 ~57

Chakrabarty B, Ghoshal A K, Purkait M K. J Membr Sci,2008,309(1-2) :209 ~221
Chakrabarty B, Ghoshal A K, Purkait M K. J Colloid Interface Sci,2009,320(1) ;245 ~253
Idris A,Zain N M, Noordin M Y. Desalination,2007 ,207 (1-3) ;324 ~339

Arthanareeswaran G, Thanikaivelan P,Srinivasn K, Mohan D,Rajendran M. Eur Polym J,2004,40(9) :2153 ~2159

Tsai H A,Li L D,Lee K R Wang YC,Li C L,Huang J,Lai J Y. J. Membr Sci,2000,176:97 ~103



11 49] AP AR5+ 1 -1 S -3 - FP BE DRI 7S S A TR 0 125 WA A T SR 8 I 1y 4 4 o) B HGA R R L 1305

14 Tsai H A,Huang D H,Fan S C. Wang YC,Li C L,Lee K R. ] Membr Sci,2002,198 :245 ~258

15 Tsai H A,Huang D H,Ruaan R C,Lai J Y. Ind Eng Chem Res,2001,40:5917 ~ 5922

16  Laninovic V. Desalination,2005,186(1-3) ;39 ~46

17  Khayet M,Feng,C Y,Khulbe K C,Matsuura T. Desalination,2002,148(1-3) :321 ~327

18 Wang D L,Li K,Teo W K. J] Membr Sci,2000,176(2) :47 ~158

19 Hou Tonggang( {5 , Chen Huanlin( BERH) , Zhang Lin(3MK) . Acta Polymerica Sinica( £54FF2£4%) 2008, (12) 11204 ~ 1208

20 Tokuda H,Ishii K,Susan M A B H,Tsuzuk S,Hayamizu K, Watanabe M. J Phys Chem B,2006,110.2833 ~2839

21 Zhang J,Ma Y,Shi F,Liu L,Deng Y. Microporous Mesoporous Mater,2009,119(1-3) :97 ~103

22 Lu Xiangjun( f5[4]%%) ,Dou Hui( 2E#%) ,Chen Da(4ik). Acta Polymerica Sinica( 43 T24%) ,2009, (4) :385 ~389

23 Rahman M, Brazel C S. Polym Degrad Stab,2006,91(12) :3371 ~3382

24 Peng B,Zhu J,Liu X,Qin Y. Sens Actuators,B;Chem,2008,133(1) :308 ~314

25 Scott M P,Rahman M, Brazel C S. Eur Polym J,2003,39(10) :1947 ~ 1953

26  Zhu Ning( A7) ,Ling Jun(#% %) , Xiao Kun( 3£ ) , Shen Zhiquan(#{:2Z2%£) . Acta Polymeric Sinica( 54> F2%%) ,2009, (8) ;838 ~ 840

27 Dang Jingya( 5%3% #fE ) , Chen Fengxiang( [ X7 ) , Han Huijing( 443 5%) , He Xiaohua( #{/NE) , Zhang Yiqun( 3K LI#E) , Xie Meiran (4§35
#R) . Acta Polymeric Sinica( /&4 T24) ,2008, (4) :343 ~349

28 Zavrel M, Bross D, Funke M, Biichs J,Spiess A C. Bioresour Technol ,2009,100(9) :2580 ~2587

29  Cuissinat C,Navard P,Heinze T. Carbohydr Polym,2008,72(4) :590 ~ 596

30 Huddleston G, Visser A E,Reichert W M, Willauer H D, Broker G A,Rogers R D. Green Chem,2001,3:156 ~ 164

31 Reuvers A J,Smolders C A F.J Membr Sci, 1987,34(1) :67 ~86

STRUCTURE CONTROLLING MECHANISM OF POLYSULFONE MEMBRANES
BY USING 1-(n-OCTYL)-3-METHYL LIMIDAZOLIUM
HEXFLUOROPHOSPHATE IONIC LIQUID

ZHAO Yamei, HU Xiaoling, GUAN Ping, XUE Guan
( Department of Applied Chemistry, School of Natural and Applied Sciences, Northwestern Polytechnical University, Xi’ an 710072)

Abstract Tonic liquidl-(n-Octyl) -3-Methyl limidazolium hexfluorophosphate [ Cymim ] [ PF, ] was used as a
structure-controlling additive ,and polysulfone ( PSF) membranes with different structures were prepared by the
wet-phase-inversion in this work. The results indicated that ionic liquid [ Cgmim | [ PF, ] had important
influence on the pore-forming. With increase of concentration of ionic liquid [ Cgmim ] [ PF, ] in casting
solutions, the structures of the membranes changed from asymmetric finger pore, the lengthened-big pore and
the big caves to spongy pore. When the concentration of [ Cgmim ] [ PF, ] was 4% , the membrane had the
asymmetric finger-pores structure ,the pore size close to its surface layer was about 2 ~6 wm and that close to
its sublayer was about 10 ~70 wm, the retention rate and flux of PEG10000 were 92.3% and 33.7 L + h™'
m ~*. The analysis indicated that hydrophobic ionic liquid [ Cgmim] [ PF,] could improve orderly arrangement
of polysulfone molecules at the low concertration, while the strong delay of phase inversion appeared at the high
concertration. It was found by X-ray EDS analysis of PSF membranes with SEM ,ionic liquid [ Cgmim ][ PF, ]
was partially retained in the prepared polysulfone membrane. This reduced the contact angles between water
and polysulfone membranes ,improving the hydrophilic properties of the membranes. Meanwhile , the formation
mechanism of pore structures in the membrane preparation was also discussed, [ Cgmim | [ PF, ] could restrain
demixing of the casting solutions as a pore-forming agent and plasticizer.

Keywords Hydrophobic ionic liquid, Polysulfone membrane, Structure-controlled, Pore-forming agent





